Knowledge of the dispersion of adults and nymphs of Edessa meditabunda in soybean model is needed to determine the control actions and thus enable proper use of strategies to avoid losses in production. This research aimed to conduct probabilistic analysis of the spatial distribution patterns of adults and nymphs of E. meditabunda in two regions in soybean Bt and non-Bt. For the evaluations, the method of cloth-to-beat was used, where one sample per plot was collected randomly from each experimental area. Evaluations were performed at 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84, 91 and 98 days after emergence. For data analysis, the rates of dispersion (variance/average Morisita index and exponent k Negative Binomial Distribution) and theoretical frequency distributions (Poisson, Binomial and Negative Binomial Positive) at 5% probability were calculated. The peak population of adults and nymphs of E. meditabunda was observed in the reproductive stage of soybean Bt and non-Bt in Dourados and Douradina. From the results obtained, it can be concluded that the Bt technology had the spatial arrangement of adults and nymphs of E. meditabunda, and is set in probabilistic arrangements with negative binomial distribution (aggregate) in the two regions surveyed. In non-Bt soybeans for adults and nymphs of E. meditabunda, spatial arrangements had set in probabilistic arrangements of positive and negative binomial distribution (uniform), as the days after emergence, for the region of Dourados and Douradina.
INTRODUCTION
Soybean [Glycine max (L.) Merrill] worldwide, plays the primary role of oilseed production and for consumption (Leal-Costa et al., 2008; Silva et al., 2012; Vianna et al., 2013) . This fact is explained by importance of both *Corresponding author. E-mail: prbeltramin@hotmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License products for animal consumption through soybean meal, and for human consumption by the oil . Brazil has great relevance for agribusiness, verified by the increase of cultivated areas, mainly by increasing productivity through the use of new technologies (Zadinello et al., 2012; Fonseca et al., 2013a) .
For maximum potential of soybean production, it is necessary to have the best conditions for integrated pest management. Bedbugs, considered the most important pest of soybean by feeding directly from the seed, is responsible for damages that reflect the reduced production, seed quality and transmission of diseases (Belorte et al., 2003; Marsaro Junior et al., 2010; .
The stink bug, Edessa meditabunda (Fabricius, 1974) (Hemiptera: Pentatomidae) is a major pest in many regions of Brazil, due to its occurrence from the vegetative stage to grain maturity (Corrêa-Ferreira and Panizzi, 1999; Golin et al., 2011) . Adults of E. meditabunda use their mouthparts to feed on stems of soybean plants and drill the pods, seeds, soy, making them shrunken and wrinkled, affecting consequently the yield and quality of grain (Panizzi and Parra, 2009 ). The Edessa is the largest genus of the family Pentatomidae, and is neotropical in occurrence (Silva et al., 2006) .
The damage caused by E. meditabunda when uncontrolled can cause leaf retention, reduced seed size, reduced oil content and germination and reduction in soybean yield (Lourenção et al., 1999; Gonçalves et al., 2008) .
To reduce losses, control of this insect is accomplished by chemical insecticide applications from the vegetative phase of the plant and are not always efficient and selective to natural enemies (Sosa-Gomez and Fiorin et al., 2011) .
To reduce the use of insecticides, there was a long search for specific technologies with low persistence in the environment, including integrated pest management, based on plant resistance to insects. With the advent of plant breeding, the genes of bacteria such as Bacillus thuringiensis (Bt) and Bacillus sphaericus, the main bodies were used to confer resistance of plants to insects on a commercial scale (Sharma et al., 2000; Theoduloz et al., 2003) .
Recent advances in agricultural biotechnology have resulted in transgenic plants that are efficient alternatives and have less environmental impact for lepidopteran control in areas where they are considered pests (Williams et al., 1998; Lolas and Meza-Basso, 2006) .
Studies of population dynamics provides useful information on the development models involving pest management (Gilbert et al., 1976) , considering the possibility of obtaining data on the distribution of the population over a certain period of time (Odum, 1988) . Therefore, such studies can be successfully employed in IPM programs (Neto et al., 1976) .
The management of E. meditabunda in soybean should include the adoption of control measures based on population levels of species monitored by periodic sampling. The first step in designing a sampling plan is the knowledge of the spatial distribution of the species of interest, to establish appropriate criteria on population (Barbosa, 2003) . Thus, knowledge of a fast and efficient way of sampling the pest, especially on large areas of cultivation, is essential and the MIP is satisfactorily applied (Fernandes et al., 2003) . The spatial distributions of pests in crops are aggregated, uniform and random. Such distributions are called negative binomial, Poisson and binomial positive, respectively (Barbosa and Perecin, 1982) . This classification is based on the relationship between the variance and mean of the data (Elliott, 1979) . However, despite the benefits obtained from the Bt cultivar, exactly how transgenic plants affect the populations of organisms in an agroecosystem is not well known (Rodrigues et al., 2010) .
Knowledge of the spatial distribution of soybean stink bugs can be an important parameter to be considered to support the decision making of the place and time most suitable to increase the efficiency of their control in integrated pest management and reduce control costs and damage environmental (Kuss-Roggia, 2009) .
In this context, this study aimed to evaluate the spatial distribution of adults and nymphs of E. meditabunda in soybean Bt and non-Bt in two regions under field conditions.
MATERIALS AND METHODS
The experiment was conducted under field conditions in two experimental areas located at Farm Rincão Porã, the geographic coordinates are 22°14'25'' S, 54°42'60.7'' W and altitude of 403 m in the town of Dourados and Farm Boa Sorte in the geographical coordinates 22°01'07'' S, 54°32'15'' W and altitude of 310 m in the municipality of Douradina during harvest 2011/2012. The soil of the area is classified as Typic Distroferric (RH) of loamy soil. The climate, according to Köppen's humid mesothermal, is Cwa type, with annual average temperatures and precipitation ranging from 20 to 24°C and 1.250 to 1.500 mm (Fietz and Fisch, 2006) . For management of two experimental areas with soybean, the no-tillage system was used, and corn (Zea mays L) was used as preceding crop. The area of this experiment was dried with glyphosate combined with mineral oil (2.0 l.ha -1 + 0.5 l.ha -1 ), respectively. The seeds used were Bt soybean AL 6910 Intact RR2 PRO™ and non-Bt RR BMX Potencia ® , constituting the 2 treatments in the two different locations. Sowing was performed in the experimental areas, the first area was Farm Rincão Porã, sowing was done on 22/10/2011; in Farm Boa Sorte, second area, sowing was done on 29/10/2011, with a density of 15 seeds per meter, adopting a population of approximately 300.000 plants ha -1 . The row spacing was 0.50 m. For fertilizer application in both cultivar, 300 kg ha -1 of NPK formulation (2:18:18) was used. The weed and disease control was carried out with application of herbicides, fungicides, and the application of insecticides was not carried out in the areas studied.
The spatial distribution of adults and nymphs of the stink E. meditabunda was evaluated in two regions (Dourados and Douradina) with two fields each containing 100 plots in each area, each plot consisted 11 rows with 5 m long, totaling 27.5 m 2 with soybean Bt and non Bt, constituting the two treatments. The sampling methodology used was the method of cloth-to-beat, consisting of two sticks of wood connected by a white cloth, with a length of 1 m and width of 1.4 m. For the samples, one end of cloth was placed between the rows of soybeans, adjusted to the base of a row of plants and other plants extended over the adjacent row. The plants of a row (0.50 m 2 ) were shaken vigorously in order to bring down the pest insects on the cloth (Sturmer et al., 2012) . Samples were taken at 7, 14, 21, 28, 35, 42, 49, 56, 63, 70, 77, 84 , 91 and98 days after emergence (DAE) in soybean Bt and non-Bt.
For data analysis, the mean and variance of the number of adults and nymphs of E. meditabunda per plot were obtained at each sampling date, using the relationship between these values as an indicator of the spatial distribution (Elliott, 1979) . The dispersion indexes, as described below, were calculated using the Excel ® program.
Variance/mean ratio: ratio between the variance and mean (I = s 2 /m), used to measure the deviation of a random arrangement of conditions, where values equal to unity indicates random spatial distribution, values smaller than unity are uniform distribution and values greater than the aggregate are distribution unit (Rabinovich, 1980) . The departure from randomness can be tested using the Chi-square test with n-1 degrees of freedom, χ2 = (n-1) s 2 /m (Elliott, 1979) . Morisita index: the index of Morisita (Iδ) is relatively independent on the medium and the number of samples. So when Iδ = 1, the distribution is random, when Iδ>1, the distribution is contagious type of Iδ and when <1, it indicates a regular distribution (Morisita, 1962) .
Exponent k of the negative binomial distribution: the exponent k is a suitable dispersion index when the size and numbers of sample units are the same in each sample, as often this is influenced by the size of the sampling units. This parameter is an inverse measure of the degree of aggregation, in this case, negative values indicate a regular or uniform distribution, positive, values close to zero indicate aggregate provision and higher values indicate willingness for random eight (Pielou, 1977; Southwood, 1978; Elliot, 1979) . On this point, Poole (1974) used another interpretation for it when 0<k<8, the index indicates a clustered distribution, and when 0>k>8, it points to random distribution.
Theoretical frequency distribution: Theoretical frequency distributions used to evaluate the spatial distribution of the observed species are presented according to Young and Young (1998) . Poisson distribution: also known as random distribution, is characterized by having variance equal to the mean (m = s 2 ). Positive binomial distribution: This describes the uniform distribution and has less average (s 2 <m) variance. Negative binomial distribution: This has higher average variance, thus indicating clumped distribution, and has two parameters: the mean (m) and the parameter k (k>0). Chi-square test of grip: To check the fit of the data collected in the field to the theoretical frequency distribution test, the Chi-square test was used to compare the total grip of the observed frequencies in the sampled area, with frequencies expected according to Young and Young (1998) ; these frequencies are defined by the product of the probabilities of each class and the total number of sampling units used. To conduct these tests, to fix a minimum expected frequency equal to unity was chosen. Statistical analysis was performed using Chi-square test at 1 and 5% probability test.
RESULTS AND DISCUSSION
The presence of adult E. meditabunda on soybean plants in Dourados was detected at 35 days after emergence (DAE) in soybean cultivars with Bt and non-Bt in Dourados and Douradina ( Figure 1A and 1B). In 14 da Fonseca et al. 3015 samples, a total of 470 insects were found, which is 52.76% for the Bt cultivar and 47.23% in non-Bt in Dourados and a total of 415 insects in Douradina, which is 53.73% for the Bt cultivar and 46.26% for non-Bt ( Figure 1A and 1B). The peak population of adults was observed at 77 DAE (month of January) for cultivars Bt and non-Bt, respectively, in Dourados and Douradina ( Figure 1A and B). Typically, colonization of soybean fields by bedbugs starts at the end of the vegetative stage (Panizzi and Vivan, 1997) , a fact that occurred in this study, which had infestations in the vegetative phase and peak population in the reproductive phase. This may be explained by the appearance of the pods; soybean becomes more nutritionally adequate for the development of bedbugs, which results in the increase of the population. The end of the development of pods and early grain filling period was considered critical (Corrêa-Ferreira and Panizzi, 1999; Husch et al., 2012) .
Depending on the search for more suitable host plants for feeding, oviposition and development of their offspring, adult bed bugs migrate from one region to another, which results in different behavior and infestations, adjusting to the environment (Panizzi, 1991) .
The results of the nymphs of E. meditabunda in Bt and non-Bt cultivars arose from the fifth sample, 35 DAE in Dourados and Douradina ( Figure 1C and D). The largest numbers of nymphs of E. meditabunda were found in Bt cultivar, which represented 52.32% of total plots sampled in Dourados and Douradina, with 55.43% of sampled plots ( Figure 1C and D). Thomazoni et al. (2010) and Barros and Degrande (2012) reported that the bedbug infestation in Bt cultivar was more intense as compared to non-Bt, requiring more sprays.
The highest population density of adults and nymphs of E. meditabunda found in Bt cultivar was due probably to the reduction of inter-specific competition between the various populations that made up the community of arthropods culture, it was caused probably by reduced caterpillar population as the major defoliating caterpillars culture as soybean caterpillar Anticarsia gemmatalis (Hübner, 1818), false-medideira caterpillar Chrysodeixis includens (Walker, 1857) and naked Rachiplusia (Guenée, 1852) and drill underarm Crocidosema aporema (Walsingham, 1914 ) , those species that are regarded toxin Cry1Ac and therefore, were not found in this cultivar due to the resistance offered by these transgenic lepidopteran (Bernardi et al., 2012) .
No preference of adults and nymphs of E. meditabunda were observed in relation to cultivars versus regions for soybean Bt and non-Bt. Fonseca et al. (2013) reported no difference in bedbug infestation between Bt and nonBt varieties. Likewise, the number of attacked structures incurs no significant differences between plants Bt and non-Bt (Tomquelski, 2009; Kodama and Degrande, 2012) . Cultivated areas throughout the year provide ideal conditions for the survival of polyphagous insects such as stink, whose population may increase to cause significant damage in several cultures (Corrêa-Ferreira and Panizzi, 1999; Chocorosqui, 2001) .
Aggregation indices for adults of E. meditabunda
The variance/mean ratio (I) calculated for adults of E. meditabunda in cultivating Bt showed six samples in Dourados, seven in Douradina, with statistically higher values indicating the unit aggregation, and scored in four samples and three Dourados and Douradina in cultivating Bt, with values equal to unity indicating uniformity (Table  1) . In non-Bt soybeans in Dourados, index I had five samples with statistically higher values than unity (aggregate) and six values equal to unity and theoretical distribution is uniform. In Douradina index I had six samples with statistically higher values than unity (aggregate) and five values equal to unity and theoretical distribution is uniform (Table 1) .
In summary, the results of Morisita index (I δ ) for the treatment Bt, E. meditabunda adults, showed six samples in Dourados and five in Douradina, a total of ten larger than the unit (aggregate score) values. Analyzing the test Morista (I δ ) index for the non-Bt culture, Dourados was observed in ten samples, six values were greater than unity (aggregate score) and the unit in four equal values indicated uniformity; in no soy Bt in Douradina, ten samples were observed, six values were greater than unity (aggregate arrangement) and two equal to unity, tha t is, indicated uniformity (Table 1) .
Analyzing the exponent K for Bt soybeans in Dourados, ten samples were found, seven indicated aggregate provision for adults of E. meditabunda, because the values were variable from 1.438 to 7.364, and three samples showed uniform with respective values -1.061, -2.200 and -2.677, while in Douradina, for this index and this cultivar, eight samples indicated aggregate provision and three uniform (Table 1) .
Ten samples of soybean non-Bt were found in the field in Dourados, six of which showed aggregate provision for adults, and two showed uniform distribution. Five samples were observed in Douradina showing aggregated arrangement, uniform and five (49 DAE) had random arrangement dispersion index K (Table 1) . 
Aggregation indices for nymphs of E. meditabunda
The variance/mean (I) calculated for nymphs of E. meditabunda in cultivating Bt presented seven samplings in Dourados and four in Douradina, with statistically higher than the unity values, indicating aggregation, and had three samplings in Dourados, six in Douradina, in cultivating Bt, and values equal to unity indicate uniformity (Table 2 ). In soy non-Bt in Dourados and Douradina, the index I had five samples with statistically higher values than the unity (aggregate ) and five values equal to unity with theoretical distribution are uniform (Table 2) .
In summary, the results of Morisita index (I δ ) for the treatment Bt nymphs E. meditabunda, showed seven samples in Dourados and four in Douradina, a total of ten larger than the unity (aggregate score) values. Analyzing the test Morista (I δ ) index for the non-Bt culture, Dourados was observed to have ten samples, six values were greater than unity (aggregate arrangement) and two equal to unit with values indicating uniformity; in no soy Bt, Douradina was observed to have ten samples, eight had greater than unity (aggregate arrangement) and two identical with the drive statistical values equal to unity, is indicated uniformity values (Table 2) .
Analyzing the exponent K for nymphs on biotech soybean in Dourados, showed the ten samples, seven indicated willingness to aggregate the nymphs of E. meditabunda, because the values were variable from 0.413 to 10.780, and three samples showed uniformity with respective values -1.061, -6.336 and -22.275; already in Douradina, there was found, the index and cultivar for four samples indicating aggregate willingness-six uniform arrangement (Table 2) .
It was found in Dourados field that soy with no Bt, had ten samplings, indicating that five of them had nymphs aggregate provision, and three showed uniform distribution and (42 and 70 DAE) random arrangement by dispersion index K. In Douradina, eight samples were observed, indicating aggregate arrangement, uniform (56 DAE) and random (49 DAE) for the dispersion index K (Table 2) .
Theoretical frequency distributions for adults of E. meditabunda
The adjustment tests of the frequencies of numerical classes for adult E. meditabunda observed in 10 samples had sufficient numbers of classes to carry out the adjustment test for Bt soybean and Dourados, Douradina (Table 3) .
The values of adult E. meditabunda for cultivating Bt in Dourados and Douradina indicate that the data did not fit the theoretical models of negative binomial distribution (aggregate score) (Table 3 ). In the context of ecological statistics, the best fit is represented by the frequency distribution that has the lowest value of the value of Chisquare    calculated (Melo et al., 2006) . Like most adult samples, the value of    not mean of the negative binomial distribution method, consequently showed a better fit to this type of dispersion.
For non-cultivation of Bt Dourados, 10 samplings showed sufficient numbers of classes to carry out the adjustment test for the adults of E. meditabunda. The values of   calculated for adults indicated that the count data obtained from the field does not conform to theoretical models of Poisson distribution, and set negative binomial for six and three samples with binomial positive (Table 3) .
10 samples in the region of Douradina have been found to have sufficient numbers of presented classes to carry out the adjustment test for adults E. meditabunda. The values of   calculated for adults E. meditabunda indicated that the count data obtained from the field does not conform to theoretical models of Poisson distribution, and adjusted for eight samples and two negative binomial positive samples (Table 3) .
Theoretical frequency distributions for nymphs of E. meditabunda
The adjustment tests of the frequencies of numerical classes for the nymphs of E. meditabunda observed in 10 samples had sufficient numbers of classes to carry out the adjustment test for Bt soybean in Dourados and Douradina (Table 4) .
The values of the nymphs of E. meditabunda for Bt cultivar in Dourados and Douradina and indicate that the data fitted to theoretical models of the negative binomial distribution (aggregate score) in the samples analyzed (Table 4 ). In the context of ecological statistics, the best fit is represented by the frequency distribution that has the lowest value of the value of Chi-square   calculated (Melo et al., 2006) . Most samples of nymphs showed the value of   with no mean by the negative binomial distribution method, and consequently showed a better fit to this type of dispersion.
For not cultivating Bt, Dourados and Douradina 10 samples had sufficient numbers of classes to carry out the adjustment test for the nymphs of E. meditabunda. The values of   calculated for the nymphs indicated that the count data obtained in the field do not fit the theoretical models of the Poisson distribution, and adjusted for sampling 35, 42, 49, 77, 84, 91 and 98 DAE, in addition to the arrangement (negative binomial) and for samples of 56, 63 and 70 DAE, the uniform arrangement (positive binomial) ( Table 4) .
The colonization of soybean fields, by bedbugs often begins at the edges due to their migration from one area to another in soybean under different stages of development and areas with alternative hosts (Panizzi et al., 1980; Panizzi, 1991) . This dynamic shift has been ** Significant at 1% and * Significant at 5% probability. DAE = Days after (plant) emergence. ns -Not significant at 1 and 5% probability. i -Class insufficiently.
NP -not present.
studied (Kuss-Roggia, 2009; Guedes et al., 2012) . According to Panizzi and Vivan (1997) , in soybean crops, leave eating bed bugs infestations occur in ** Significant at 1% and * Significant at 5% probability. DAE = Days after (plant) emergence. ns -Not significant at 1 and 5% probability. i -Class insufficiently.
the vegetative phase, which agrees with the data of the present work, in which at 28 DAE there was infestations of adults and nymphs of E. meditabunda. With the emergence of legumes, soy becomes more nutritionally adequate for the development of bedbugs, which results in the increase of the population, especially nymphs (Panizzi and Vivan, 1997) . Thus there is increase in the population of adults and nymphs of E. meditabunda with the development of vegetables, having their peak population during grain filling. These data demonstrated the importance of management of bedbugs in agricultural areas, contributing to the realization of chemical or biological control by the time it reaches the economic injury level, and seeking to reduce the population peaks.
Likewise, it is very important to understand the dispersion and spatial distribution of soybean stink bugs, the study of these various indices of dispersion is used to calculate the spatial arrangement of a pest (Barbosa, 2003) , and as a single index, it does not provide all considered ideal attributes of a statistical standpoint; the use of more than one index can provide greater certainty to conclusions (Martins et al., 2012) .
The spatial arrangement of adults and nymphs of E. meditabunda in soybean Bt, when there is sufficient number of tests of fit, the theoretical frequency distribution classes proved to be aggregated in the two study areas. According to Rodrigues et al. (2010) and Fonseca et al. (2013b) report, aggregate behavior of adult insects on cultivation genetically, is modified. However, with respect to non-Bt soybean, adults and nymphs of E. meditabunda set the distribution of aggregate type and even the theoretical frequency distribution. These results are in agreement with that relate the spatial arrangement of the stink bug adults and nymphs in soybean fields.
It is possible to conclude that the spatial arrangement was influenced by cultivar genetically modified, versus days after emergence, since, in both cultivars, the individuals in the populations were assessed based on differences presented in the form of aggregated and uniform spatial distribution.
The aggregate spatial distribution model for the soybean crop requires a larger number of sample units than any other type of spatial distribution when performing a sampling process. The precise number of sample units for the sampling process of these insects is extremely important since these species are causing significant direct damage to the soybean crop.
So as to control these insect pests, it is possible to recommend the application of selective insecticides when necessary in localized areas of culture, where groups of these individuals are found. With this point, the number of sample units is dependent on the required degree of accuracy, which varies according to the purpose of research: population dynamics, crop damage, levels of economic development, losses and pest control (Silva and Costa, 1998; Guedes et al., 2012) . Furthermore, such information should be considered in developing new sampling plans for pest to reduce the sampling time and increase the reliability of the results (Grigolli et al., 2012) .
Conclusion
The peak population of adults and nymphs of E. meditabunda was observed in the reproductive stage of soybean Bt and non-Bt in Dourados and Douradina. From the results obtained, it can be concluded that the Bt technology had the spatial arrangement of adults and nymphs of E. meditabunda, and is set in probabilistic arrangements as negative binomial distribution (aggregate) in the two regions surveyed. In non-Bt soybeans for adults and nymphs of E. meditabunda, spatial arrangements had set in probabilistic arrangements for negative (aggregate) and positive binomial distribution (uniform), as the days after emergence, for the regions of Dourados and Douradina.
